Summary. The development of anti-tetanus antibodies in CBA/Ca and Balb/c mice immunised with two tetanus-toxoid preparations has been investigated by sensitive enzyme-linked immunoassays. These studies revealed the presence in both strains of mice of naturally occurring antibodies to tetanus toxoid. These were of the IgM, IgA and, to a lesser extent, the IgG3 isotypes. Differences in the responses of mice to the two toxoid preparations were noted; the purer preparation elicited a more rapid and pronounced response. Both strains of mice exhibited similar isotype responses.
Introduction
Because of marked differences in the biological activity of immunoglobulin (Ig) subclasses and the current interest in development of monoclonal antibodies against bacterial antigens for diagnostic and therapeutic use, it was felt that detailed studies of Ig-isotype responses of mice to different tetanus toxoids should be undertaken to provide information in this important area. It is possible that tetanus-toxoid preparations of different degrees of purity might elicit quite different types of immune responses. Our studies were performed on mice because of the difficulty of obtaining human preimmunisation samples and because of the ease with which primary and secondary responses could be sequentially studied over a long time.
Responses to many antigens have been reported to be subclass restricted in the mouse (Torrigiani, 1972; Perlmutter et al., 1978; der Balion et al., 1980) and in man (Yount et al., 1968; Robboy et al., 1970; Carrel et al., 1972; van der Giessen et al., 1976) . Furthermore, responses of man to diphtheria and tetanus toxoids have been variously reported to be predominantly IgGl (Yount et al., 1968) or to involve all four subclasses (Carrel et al., 1972; Van Der Giessen and Groeneboer-Kempers, 1976 ). This point requires clarification and is important because subclass-restricted responses might dictate recovery from infection and the therapeutic effectiveness of passively transferred antibody.
In the present study the anti-tetanus Ig-isotypes were assayed by a sensitive enzyme immunoassay (Farzad, 1985; Farzad et at., 1986) readily adaptable to the human system.
Material and methods

Animals
The experiments were performed on 10-1 2-week-oid, male CBA/Ca or Balb/c mice. The CBA/Ca mice were bred from stock originally obtained from the MRC Laboratory Animal Centre, Carshalton, Surrey; the original Balb/c breeders were supplied by Olac Ltd, Bicester, Oxfordshire. The mice were housed under conventional conditions and fed ad libitum on Maintenance Diet No. 1 (Special Diet Service Ltd, Wilham, Essex).
Antigens
Two commercially available tetanus-toxoid preparations were used: (i) a standard vaccine preparation containing 40 LF units and 0-3 mg of protein/ml (Lot A53255, Wellcome Foundation Ltd, London); (ii) a purified tetanus-toxoid preparation containing 2250 LF units and 4.6 mg of protein/ml (Lot Connaught Laboratories Ltd, Willadale, Ontario, Canada). The latter was not approved for human use.
An tisera
Rabbit antisera specific for mouse IgM, IgA, IgG,, IgG2,, IgG2b and IgG3 were purchased from Litton Bionetics Inc., Kensington, MD, USA. The alkaline phosphatase-conjugated sheep anti-mouse immunoglobulin and goat anti-rabbit IgG were obtained from New England Nuclear, Boston, MA, USA, and Tag0 Inc., Burlingame, CA, USA.
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Irnmunisation and bleeding schedules
On day 0, mice were given an intraperitoneal injection of either the Wellcome vaccine or the purified Connaught toxoid (I0 pg in saline). Identical booster injections were given subsequently on days 28 and 56. Six mice from each treatment group were bled out on days 14,28,42, 56 and 70. Sera from mice that had not received injections served as pre-immunisation controls. Sera from individual mice were stored at -20°C.
ELISA for unti-tetanus antibodies
Two assays were developed to measure the responses of mice to tetanus toxoid; one permitted the measurement of the overall anti-tetanus-antibody levels, the other, a sandwich-enzyme immunoassay, allowed antibodies of particular isotypes to be detected. Both procedures were based upon the technique originally described by Engvall and Perlmann ( 1972). The development of these assays is described in detail elsewhere (Farzad, 1985) .
ELISA-grade microtitration plates (Dynatech Laboratory, Billingsburst, Sussex) were used in both assays. Each well was coated with 100 pl of tetanus-toxoid solution ( 5 pg protein) and plates were then incubated at 37'C for 3 h followed by further incubation overnight at 4°C Excess fluid was removed from the wells by inverting and tapping the plates. Coated plates, sealed with clingfilm. were stored at 4 C until required. Previous studies (Farzad et a!., i986) have shown the shelf life of these plates to be more than 1 year.
Just before use, the tetanus toxoid-coated plates were washed three times with physiological saline. In addition, plates were treated with 100 pl of 0-06 M phosphate buffer (pH 7.2), containing bovine-serum albumin 1: ; w;v and 0.1 5 M NaCI, to prevent non-specific binding. After three more washes with PBS, plates were ready for use.
The overall antibody responses were measured as follows: doubling dilutions of the samples (100 pl) were added to the antigen-coated plates which were incubated for 1 h at 37 C. Thereafter, unbound protein was removed by three washings of the plate with PBS and 100 pl of alkaline phosphatase-conjugated antibody (diluted 1 in 500 in PBS containing Tween 20 (Sigma) 0.05% v/v; PBS-Tween) that reacted with all mouse-immunogiobulin isotypes, was added to the plates. After incubation at 37'C for 1 h, plates were washed four times with PBSTween. The amount of enzyme bound was determined by addition of 100 11 of p-nitrophenyl phosphate, disodium (Sigma) 1 mg/ml in 0.05 M sodium-carbonate buffer (pH 9-8). After further incubation at 37'C for 1 h, plates were read at 405 nm in a Multiscan Plate Reader (Dynatech, MA, USA).
The Sandwich-Enzyme-Immunoassay (SEI), used to determine the isotype of the anti-tetanus antibodies produced, was essentially similar to that described above except that it incorporated an additional step, which involved incubation of the plate with specific rabbit antisera to individual mouse-immunoglobulin isotypes before addition of the alkaline phosphatase-conjugated goat antibody to rabbit Ig. For this purpose, conjugate was diluted 1 in 2000 in PBS-Tween. In all assays the end point was the dilution giving a multiscan reading greater than 0.1.
In all tests, pooled sera from unimmunised and hyperimmunised mice were used as controls. Again, the optimum concentration of the various antibody reagents had been established in preliminary investigations (Farzad, 1985) .
The antibody levels observed have been expressed as mean logz titres together with the standard deviation from the mean.
Results
The responses of CBA/Ca and Balb/c mice to the 
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Wellcome vaccine were almost identical (figs. 1 and 2). Sera from both strains of mice contained preexisting antibodies to the vaccine that were of the IgM, IgA and, to a lesser extent, IgG3 isotypes. Up to 28 days after the initial injection of tetanus toxoid there was no discernible production of anti-tetanus antibody of any isotype other than the IgG2a response noted in CBA/Ca mice. However, after the first boost, anti-tetanus antibodies of the IgGI, IgG2a and IgG2b subclasses appeared and with subsequent boosting some of these, especially IgGl, continued to rise. The levels of IgA and IgG3 antitetanus antibodies also rose after boosting but less dramatically. In contrast, the titres of IgM antitetanus antibodies remained virtually unchanged. It should be noted that the pattern of response referred to above was consistent and was observed repeatedly in CBA/Ca mice. The two toxoid preparations elicited different responses in the same strain (Balb/c) of mice. There was a more rapid response to the purer Connaught preparation than to the crude Wellcome toxoid ( figs. 2 and 3) . Again, appreciable levels of IgGl and IgG2a anti-tetanus antibodies were detected before boosting ( fig. 3) . Furthermore, the responses of the different IgG subclasses other than IgG2b were more pronounced with the Connaught toxoid than with the Wellcome toxoid ( figs. 2 and 3) .
To examine the cross-reactivity of the Ig-isotype antibodies elicited by the different toxoids, the reactivity of certain sera from immunised Balb/c mice was compared on plates coated with either the Wellcome or Connaught preparations. These studies revealed similar patterns of response irrespective of the toxoid preparations used to coat the ELISA plates (figs. 4 and 5). This indicated that the differences previously noted (figs. 2 and 3 ) were determined by the antigens used for immunisation rather than by the assay procedure. These results also confirmed the reproducibility of the assay system used in the present studies. 
Discussion
The demonstration of "naturally acquired" antibodies to tetanus toxoid in mice of both strains is interesting. Because the majority of people are immunised against tetanus, few studies are avail-able with regard to pre-existing antibodies in man, although before the discovery of tetanus toxoid, Tenbroeck and Bauer (1 923) reported the detection of antitoxin antibodies in the blood of one-third of a group of inhabitants of Peking, China, whose stools contained tetanus bacilli. A more recent serological study in unvaccinated men and animals in the Galapagos Islands by Veronesi et al. (1983) found various titres of antibodies. No reports are available, however, on the Ig-isotypes of these antibodies,
The finding that the isotype distribution of preexisting antibodies was different from that of the response following immunisation is of some interest. The natural antibodies were found in both strains of mice against both crude and pure toxoids, indicating that the antibodies were to tetanus toxoid and not a contaminating protein. The most probable explanation for the existence of naturally occurring antibodies to tetanus is that the spores of Clostridiurn tetuni are swallowed by man and mice and stimulate a response. Indeed, it has recently been suggested that the oral route might provide an effective vaccination route for man against tetanus (Veronesi et ul., 1983) . This route might preferentially stimulate IgM and IgA antibodies. On the other hand, determinants might be shared among tetanus toxoid and other macromolecules, or intestinal organisms such as other species of Ciustridium.
The findings that naturally occurring antibodies were of IgM and IgA isotypes and that responses of mice to both tetanus-toxoid preparations were largely in the IgG isotypes are in agreement with those of Ershler et al. ( I 982), who found that mice gave a poor primary response and that on boosting antibody isotype was mainly IgG. It seems possible that natural existing IgM and IgA antibodies may play a role in inhibiting the subsequent response of these isotypes.
The response in man to tetanus toxoid has been variously reported as being predominantly IgG,
